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OVERVIEW

— -

Athena Neurosciences, Inc. suBmltted a marketmg apphcatfon BLA 98- 1396 on December 22,
1998 for botulinum toxin type B for use in the treatment of cervical dystonia. Athena was
subsequently acquired by Elan Pharmaceuticals, Inc. a all rights and ownership for the product
transferred to Elan. The entire clinical development program of the product was conducted by
Athena. In order to avoid confusion for future readers of this document, this review will largely
refer to Elan as the developer, manufacturer, and marketer of the product, irrespective of whether
or not study conduct or other events occurred prior to acquisition of Athena by Elan
Pharmaceuticals.

Elan has proposed the trade name NeuroBloc for the product. The proposed use of the product is
in the treatment of cervical dystonia, with the proposed indication for labeling stated as:
“NeuroBloc is indicated for the treatment of patients with cervical dystonia. In addmon
NeuroBloc is indicated for the management of cervical dystonia in patients who -
. NeuroBloc treatment reduces the pain, -, and severity of dystom'a,

Scope of the Review

An extensive clinical development program was conducted. There are 11 studies presented in the
application. Three were phase 1 open label studies, two phase 1 pharmacology studies in normal
volunteers. There were six studies with sizable numbers of subjects in phase 2 and 3 studies. All
studies were conducted under US IND, BB-IND

With the exception of important safety issues, this review document is limited to review of the

six clinical studies that have occurred in the later stages of clinical development. This includes -
two dose ranging phase 2 randomized and controlled studies, two phase 3 randomized, controlled
confirmatory studies, and two open label safety studies. The earlier studies have been

incorporated only in the inclusion of adverse events in Integrated Summary of Safety component

of review and a brief synopsis of these provided in an Appendix.

At the time of submission of the application, the two open label safety studies were still ongoing,
and only an interim summary report was supplied from these studies.

Late in the review period, September 1999, Elan submitted a safety update that included
additional information from the ongoing open label safety studies. Because of the lateness of this
information in the review cycle, this submission has not been incorporated into the review.
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= .~ INTRODUCTION_ ~ _

Botulinum Toxins

Clostridia botulinum is an anaerobic bacterium that produces a neurotoxin. The clinical disease
botulism and the association with tainted foods was described in the late 18th-early 19th
centuries, from whence the name derives; German blood sausage was the most highlighted
source, and botulus the Latin for sausage. The organism was first isolated and identified by E.
van Ermengem in the late 19th century and shown to produce a toxin. Different strains of C.
botulinum have been identified to produce 7 different types of this neurotoxin, designated types
A through G, initially distinguished largely as different serotypes. C. butyricum produces a
neurotoxin similar to type E, and C. baratii a toxin similar to type F (but neither are identical).
Botulinum toxin has been called the "most poisonous poison", and thought to be the most lethal
substance known (on a per molecule or per weight basis). Types A, B, and E are thought to
account for the great majority of cases of human poisoning. The toxin is heat labile.

The toxin proteins of all types are synthesized by the bacillus as a single chain polypeptide of
MW approximately 150 kD. A selective proteolysis step (nicking) is important in achieving the
fully active toxin molecule with two chains (designated the heavy and the light chain) joined by
disulfide bonds.

The toxins are all zinc metalloproteases, and their mechanism of toxicity is generally similar. All
bind at specific receptor sites on cholinergic presynaptic terminals, although the specific receptor
sites do not appear to be identical for all of the serotypes. The toxins are taken up by endocytosis,
and in a process dependent upon a transmembrane pH difference, form pores in the endocytic
vesicle membrane through which the light chain (possibly with some of the heavy chain)
translocates into the cytosol. Once in the cytosol the protease toxin is active and each cleaves a
specific protein critically involved in the neurotransmitter vesicle release process. There are
three synaptic terminal proteins identified which have the specific proteolytic site for toxin types
A through F (toxins A, E on SNAP-25, B,D,F,G on Synaptobrevin [VAMP], and type C on
Syntaxin). Thus, toxin effects result in the failure of transmission at the neuromuscular junction.
The toxin’s effects are most prevalent at the neuromuscular junction, but have some effects also
at the autonomic cholinergic terminals. Central nervous system botulinum toxin effects are not
prominent when toxin is administered in the periphery, but in vitro the toxin is active in
synaptosome preparations from CNS.

Consistent with the loss of neuromuscular junction transmission, clinical botulism consists of a
flaccid paralytic disease. Symptoms stemming from ocular muscle paralysis are often the first
noticed. The most threatening aspects are the loss of pharyngeal and diaphragmatic muscle
function leading to risks of respiratory failure and aspiration, and are the primary causes of death
in botulism patients. There is no known mechanism to reverse the synaptic failure once it has
occurred. Reversal of the paralysis occurs only through natural means, and appears to occur by

sprouting of new nerve terminals. -

-



BLA 98-1396 Elan Pharmaceuticals:  Botulinum Toxin Type B 6

Botulinum toxin functions by producing a state of functional denervation. While immediately
the nerve endings remain juxtaposed to the muscle (the neuromuscular junction, NM)),
neuromuscular transmission failure occurs, and the muscle responds as if actually denervated.
Acetylcholine receptors begin.fo-appear in a diffuse pattern along the entire muscle fiber, not
localized to the NMJ. The nerve however, remains viabl€, and responds with sprouting of new
nerve terminals. These form new neuromuscular junctions with the muscle fibers. Several
months can be required to develop adequate sprouting to replace the disabled terminals. This
sprouting and formation of new NMJ is responsible for the recovery of muscle function, and the
consequent loss of benefit of the toxin over the subsequent months.

The type A neurotoxin is presently the only type in widespread clinical use and commercially
available. However, several other serotypes are under investigation by various manufacturers.
The Type B toxin develeped by Elan Pharmaceuticals (beginning as Athena Neurosciences prior
to acquisition of Athena by Elan) is the focus of this marketing application.

Potency of botulinum toxins is generally assessed with a mouse intraperitoneal injection assay,
with death as the read-out. The assay indicates activity in Units or Mouse Units, with 1 U of
activity defined as the LD50 dose. However, the manufacturers of the different toxins use
slightly different procedures in conducting the assay, and the medical literature indicates that
these differences can lead to dramatic differences in the apparent potency. Thus, any clinical
differences observed in the number of Units of toxin to achieve specific clinical effects may be
partly related to differences in the laboratory assay used to calculated the potency. There are
likely to be differences in the affinity of each toxin serotype for its receptor, as well as different
receptor numbers per terminal for the different receptor types. These differences may contribute
to different clinical characteristics for the different toxin types.

There are also known species differences in sensitivity to the toxins. Guinea pigs appear to be
particularly sensitive to botulinum toxin toxicity (compared to some other small animals) but rats
seem particularly less sensitive to Type B toxin than to Type A. Therefore, extrapolation of any
relative doses for efficacy or toxicity between toxin types based on animal comparisons of effect
between toxin types must be done with caution.

Botulinum Toxin Type B

Botulinium toxin Type B is produced by -

The majority of the clinical development program was conducted with toxin produced at the

- - — . Asclinical development
began to auger well for eventual marketing approval, plans were made for moving commercial
production to a new facility constructed for the purpose, NeuroBloc Production Facitity (NPF) in
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California. No clinical experience with toxin produced at NPF was submitted in the initial
marketing application. Elan is proposing to market solely the NPF toxin.

The ~— toxin Tsed in the pimse 3 studies, batch A19, had a specific activity of - The
three example batches of NPF toxin, designated C90601 to-C90003, had specific activities of -—
to _ Batch A19 showed — nicking, with the NPF batches showing— to — nicking.
Release specifications for bulk product batches are — to specific activity, with— o

— . nicking.

Finished drug product is provided in 3.5 ml glass vials, of liquid toxin solution at a concentration
of 5000 U/ml, in dosage amounts of 2500, 5000 and 10000 U (0.5, 1.0, 2.0 ml). The formulation
includes 10 mM NaScuccinate, 100 mM NaCl, 0.5 mg/ml HSA, at pH 5.6. The weight of toxin

placed into the vial will vary with the specific activity, and may range between — and

In a small monkey study, IM doses of 1440 U/kg produced systemic, clinically observable
muscle weakness in only 1/4 monkeys, doses of 1920 U/kg in 3/4 monkeys, and a dose of 2400
U/kg was fatal in the one monkey tested. Thus, in monkeys 1400 U/kg can be expected to have a
significant percentage of animals with systemic weakness, and little more than 50% higher will
have fatal effects in many. In a 50 kg person, 1400 U/kg is 70,000 U of Type B toxin.

Cervical Dystonia

[Note to reader: While the general discussion regarding the disease is drawn from multiple sources, including
published textbooks, it is most directly from the cervical dystonia discussion in the electronic textbook
Neurobase, Gilman S, Goldstein GW, and Waxman SG, eds; Arbor Publishing Corp., 1999 edition)

Cervical dystonia is a syndrome consisting of abnormal head and neck posture with sustained or
intermittent movements, and is commonly associated with pain. Previously known as
"spasmodic torticollis," cervical dystonia was defined as "an involuntary hyperkinesis involving
the muscles of the neck primarily on one side" (Foltz et al 1959). Earlier in this century, the
etiology of cervical dystonia was controversial, regarded as psychogenic by some physicians.
However, in recent times the organic nature of cervical dystonia has been widely accepted.

Patients with cervical dystonia have involuntary head and neck movements resulting in abnormal
postures. The most prominent feature is usually sustained deviation of the head to one side.
Terms such as "torticollis," "anterocollis," and "retrocollis” describe the direction of head
movement laterally, forwards, and backwards, respectively. There may be lateral flexion of the
cervical spine, or horizontal displacement of the head. There is frequent associated asymmetric
hypertrophy of neck muscles, the sternocleidomastoid being most commonly involved.
Superimposed on the sustained abnormal posture may be fast components in the form of spastic
jerks or head tremor, but these are not universally present. Neck pain is a common feature,
present in more than half of patients. This pain is ofteff amongst the most troubling aspect to the
patient. i

Patients may touch certain parts of their head with their hand, and by doing so they may easily
bring their head back straight. This phenomenon is known as "sensory trick" and is helpful in
establishing the diagnosis of idiopathic cervical dystonia. Associated postural hand.tfemor is -
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common, present in about 30%. Typically there should be no contractures, but in patients with a
prolonged history of cervical dystonia, there may be fixed deformities in the neck. The abnormal
head and neck movements disappear when the patient is sleeping. Swallowing functions may be
abnormal, especiatty in patients-with extreme retrocollis. .

—-— -

The etiology of idiopathic cervical dystonia remains unknown. The most accepted theory is that
of an abnormality in certain parts of the basal ganglia or brainstem. Since putamenal lesions have
been shown to cause contralateral dystonia, the anatomical substrate may be related to this
structure or its pathways. However, no definite pathological abnormality has been defined.

The relation with trauma is unclear. Clinically, torticollis occurring shortly after neck injury
differs from typical idiopathic cervical dystonia in that there is usually no improvement during
and after sleep, and no help by "sensory tricks" (Truong et al 1991).

The prevalence rate has been estimated as approximately 9 in 100,000 (Nutt et al 1988). The
overall incidence rate was estimated as 1.2 per 100,000 (Claypool et al 1995). Other sources
estimate the US population with CD to be approximately 80,000.

The peak age of onset is from 40 to 49 years, with the majority of patients having onset of the
disease between the age of 30 to 55, though it may involve the extremes of ages. A slight female
preponderance of approximately 65% women to 35% men has been reported, with various
published studies reporting ratios of 1.5 to 1.9 (e.g., Jankovic J., et.al., 1991, Neurology 41:1088-
1091; and Chan J., et.al., 1991, Movement Disorders 6:119-126).

The diagnosis is usually made clinically. There is no confirmatory test for cervical dystonia and
excluding secondary causes is most important. Spontaneous remission can occur in a minority of
patients, usually taking place within the first year of symptoms and with decreasing frequency as
the illness becomes more chronic. The majority of patients will have symptoms that usually
remain static 5 years after the onset.

Current Management of Cervical Dystonia

There are no currently approved treatments for cervical dystonia in the U.S. Oral medications
have generally been disappointing in their effectiveness. High-dose anticholinergic drugs such as
trihexyphenidyl have been described to be effective in a small number of patients. Treatment
with both muscle relaxants (such as Lorazepam and other benzodiazepines) and spasmolytic
agents (such as Lioresal) is a popular combination. Other drugs tried in cervical dystonia include
cholinergic, dopaminergic, and antidopaminergic drugs. These may be helpful in individual
patients, but the effects may be transient, lasting only a few months, and do not uniformly benefit
the broad population of patients.

Botulinum toxin injected intramuscularly into the dystonic neck muscles is currently regarded as
the mainstay of relieving symptoms of cervical dystonia. Over the past decade or so many
clinical investigators have conducted small studies of varying quality with one of the marketed
botulinum toxin Type A products. Frequently, but not uniformly, they have reported favorable
results. A National Institute of Health Consensus Development Conference in 1990 issued a
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statement that BOTOX was regarded as an accepted therapy for treatment of CD. In the US,
only one brand of botulinum toxin, BOTOX, a Type A toxin, is commercially available.
BOTOX is not currently labeled for treatment of cervical dystonia, and has significant off-label
use in the US for these pauents- BOTOX is also approved for marketing in Canada, Europe, and
numerous other countries. In fiiany of these countries, but not all, the approved uses include
cervical dystonia. A second type A toxin, Dysport (manufacturer previously known as
Speywood, now Ipsen) is also marketed in Europe, and is also widely used in Europe for
treatment of cervical dystonia. The two toxins are not equivalent nor interchangeable on a unit
for unit dose basis. Development of antibodies rendering the toxin ineffective is a concern for
long-term usage.

Surgical treatments include thalamotomy, myotomy and rhizotomy, and selective rhizotomy.
Varying success has been reported with these techniques, but the results are not uniformly
favorable.

Adverse Effects of Botulinum Toxin in Treatment of Cervical Dystonia

The major concerning adverse effect reported in the literature with use of botulinum toxin Type
A for treatment of cervical dystonia has been dysphagia. Many investigators have attributed this
to spread of toxin locally to pharyngeal muscles adjacent to muscles injected with the toxin. This
hypothesis as a source of adverse effects is supported by preclinical studies showing such local
spread to adjacent muscles and by observations in treatment of forearm dystonia where EMG
localization allowed precise placing of the injections, and specific non-injected but adjacent
muscles can be reliably identified and assessed. These adjacent muscles demonstrated loss of
strength in 63% of subjects (n=40, Ross MH, et.al., 1997, Muscle and Nerve, 20:593-598).

Most subjects in published studies have had only mild to moderate severity dysphagia.
Nonetheless, some subjects do discontinue repeat injection sessions due to the dysphagia.
However, occasional subjects in studies have needed nasogastric feeding tubes until
improvement of swallowing. This adverse event has consistently resolved over time (Stell R,
et.al. 1988, INNP 51:920-3). Other studies have reported subjects who required iv fluid therapy
for severe dysphagia, with aspiration changes observed on chest xray. '

Anderson reported use of Dysport in 107 subjects, with repeat injections for a total of 510
treatment sessions, of which 2% of treatments had severe dysphagia. Two treatment sessions
lead to hospitalization for assisted hydration (duration unstated) and two other sessions lead to
substantial weight loss. One subject developed aspiration pneumonia. No deaths were reported.
The dysphagia was believed to be dose related, especially the dose injected into the SCM muscle.
Anderson also reported an event of leg weakness in a subject with a prior history of polio,
suggesting hematogenous spread also and sensitivity of muscles in this patient. (Anderson TJ,
et.al., 1992, J. Royal Soc Med. 85:524529) _ -
There have been rare reports of severe dysphagia in subjects with co-existing known as well as
unrecognized neuromuscular disease. Tuite and Lang (1996, Neurology 46:846), report 2
subjects with known Machado Joseph Disease who were treated for accompanying cervical
dystonia. These subjects developed severe dysphagia which persisted for months, after receiving
320 or 250 U BOTOX. Gastrostomy was required for 6 months in both patients. Effimerson
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(1994, Mov Disord 9:367) reported a subject with myasthenia gravis treated with botulinum
toxin, who also developed severe dysphagia.

Erbguth et.al. (1993, JNNP 56;1235-6) report on a patient treated for blepherospasm with
Dysport (8ng) who experienced marked generalized weakness as a result which lead to a
diagnosis of paraneoplastic Lambert Eaton Myastlrenic syndrome, which had not been clinically
evident prior to toxin injection. The authors emphasize that patients with underlying
neuromuscular disease are at increased risk of generalized muscle weakness from even low doses
of botulinum toxin injected for local effect. Borodic (1998, Lancet 352:1832) reports a similar
case of uncovering a diagnosis of myasthenia gravis in a patient where the dysphagia was severe
enough to require a gastrostomy for nutrition.

Bakheit et.al. (1997, JNNP 62:198) report a multiple sclerosis patient who received 250 U
Dysport which lead to widespread weakness and a patient with multisystem atrophy and existing
pharyngeal dysfunction who had been receiving without problems 750 U Dysport for § years of
repeated injection, who then experienced severe generalized weakness after a regular treatment
session. Mezaki et.al. (1996 Neurology 46:845) report on an ALS patient who received 300 U of
a Japanese marketed botulinum type A product and had a dramatic increase in weakness.

Taken together, these reports emphasize that patients with neuromuscular disorders may be
markedly more systemically sensitive to the generalized effects of local IM toxin injection than
patients without such disorders.

Assessment Scales for Cervical Dystonia

Several clinical investigators have developed their own evaluation procedures for CD, and
published study results employing these. However, widespread use in the medical literature has
been limited to two multicomponent assessment scales and to subjective “global assessment”
scales.

Tsui and colleagues at U.British Columbia, Canada invented the tool now known as the Tsui
Scale. This scale has 4 questions relating to the aspects of severity of the dystonia which are
given point values and then the first two are multiplied together. Both the two remaining
questions are then added to this product for the final total. The maximum score is 25, and this
scale is reported to have a good interrater correlation for scores between 5 and 20 (Tsui JKC,
1986, Lancet ii:245-247). The Tsui scale does not incorporate a measure of pain. As pain can be
a prominent feature of CD in many patients, and has been reported to be an important component
of the beneficial effects of botulinum toxin treatments, the Tsui Scale alone is regarded as
inadequate to fully assess CD outcome. Clinical studies employing the Tsui Scale generally also
employ a simple pain severity question to supplement the scale. The Tsui Scale appears to have
been the most widely used scale in the medical literature. Baseline median score in CD studies is
approximately 11 to 13. :

Consky, Lang and coworkers in Toronto, Canada, developed the Toronto Western Spasmodic
Torticollis Rating Scale (TWSTRS) in the late 1980's and early 1990's. This scale employs
multiple questions in each of three subscales, rating severity of dystonia, patient perceived
disability resulting from the dystonia, and pain from the dystonia (Consky ES and Lang AE,
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1994, Clinical Assessments of Patients with Cervical Dystonia, in: Jankovic J and Hallet M, eds.
Therapy with Botulinum Toxin. NY: Dekker, p 224-226). Each question contributes from 0 to a
maximum of 2 to 5 points, which are then combined in a complex manner (some questions
averaged, some question’s scores are multiplied together) to give a scale that ranges from 0 (no
symptoms) to 87 (maximum severity, disability and pain). ~The Tsui Scale and the TWSTRS-
Disability Subscale have considerable overlap in content of questions. An earlier form of the
assessment was reportedly evaluated for reliability and found to have fair to good interobserver
agreement (Consky ES, et.al., 1990, Neurology, 40 (Suppl 1):445) but this abstract report was
never published with full details and had assessed an early form of the scale at least partly
different from the form commonly in use at present. Multiple studies employing this scale have

been published. This scale incorporates a pain assessment, thus not requiring a separate pain
evaluation method.

In addition, many studies also use a patient or investigator global assessment scale. These
evaluations are often different in detail, but generally similar in concept. The rater isasked to
select a score from a range (e.g. 01to 10, 0 to 3, or draw a mark on a 100 mm line visual analog
scale) that provides an overall impression of the status of the patient at that time.

A study seeking to compare these scales has been conducted (Tarsy, D., 1997, Movement
Disorders 12:100-102). There were 76 subjects with CD assessed with TWSTRS, Tsui, and
Physician Global rating scale (a simple 0-3 scale), before and after treatment with BOTOX.
Tarsy found moderate correlations of TWSTRS-Total with the Global assessment, and of
TWSTRS-Severity with Tsui scales, with somewhat lesser correlations of Tsui Scale with
Global Assessment, and TWSTRS-Total with Tsui. Correlation of any of the subscales of
TWSTRS with another TWSTRS subscale was low, thus supporting the intent that the subscales
are assessing different aspects of the disorder and it’s effect upon patients.

Thus, the medical field appears to have accepted both Tsui and TWSTRS Scales as valid
assessment tools for CD. The TWSTRS is more comprehensive, but also a more complex
composite and more difficult to interpret, especially for small changes in score. The Tsui Scale
is simpler to interpret, but cannot suffice alone as pain is not assessed within the Tsui Scale. No
clear basis for determining a minimal meaningful change in score has been established for either
of these scales.
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PHASE 3 STUDIES AN072-301 and AN072-302

OVERVIEW £ = =

Studies AN072-301 and AN072-302 (hereafter referred to as simply 301 and 302) are the two
primary sources of controlled safety and efficacy data for the use of BotTx-B for the treatment of
cervical dystonia. These were two separate studies, but conducted concurrently, at many of the
same study sites, and employed protocol procedures that were largely identical. They will be
presented in parallel in this review document due to their similarity.

In overview of design, both studies enrolled patients with well established cervical dystonia of at
least moderate severity, and in whom it was known from prior clinical management had been
responsive (obtained benefit from) to BOTOX (botulinum toxin type A) in off-label use. The
subjects were randomized in a double blind manner to a single treatment cycle with either BotTx-
B or placebo, with follow-up for the succeeding 4 months. The only significant differences
between the two studies were that Study 301 randomized to three treatment groups (placebo,
5000U, or 10,000U) while Study 302 randomized to two treatment groups (placebo or 10,000U)
and that Study 301 enrolled subjects who's CD symptoms were still responsive BOTOX while
Study 302 enrolled subjects for whom BOTOX had subsequent ceased to provide benefit, and
were regarded as unresponsive to BOTOX,, both in CD symptoms and in paralysis of what ever
muscles were injected.

Study 301 Title: A double-blind, placebo controlled, single dose, safety and efficacy study
of BotB (Botulinum Toxin type B) in patients with cervical dystonia.

This protocol was initially finalized February 1997, and then subsequently amended twice, April
1977 and May 1977. Both of these amendments occurred prior to study initiation, and the
protocol as conducted is presented in this review. The final analytic plan was submitted in
March 1998, after completion of the study, but prior to unblinding of the study results. These
analytic plan changes are also incorporated in this study presentation.

Study 302 Title: A double blind, placebo controlled, single dose, safety and efficacy study
of BotB (Botulinum toxin type B) in Type-A resistant patients with cervical dystonia.

This protocol was initially finalized in February 1997, amended in April and twice in May 1997,
prior to study initiation. The protocol was conducted as described in this review. The final
analytic plan was revised in March 1998 (simultaneously with that of Study 301), after
completion of the study but prior to unblinding of study results. These analytic plan changes are
also incorporated into the study description.
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CLINICAL STuDY DESIGN

-— -

Objectives
Study 301:  To evaluate the safety and efficacy of BotTx-B in subjects with cervical dystonia.

Study 302:  To evaluate the safety and efficacy of BotTx-B in subjects with cervical dystonia,
and to demonstrate that BotTx-B is efficacious in subjects unresponsive to Type-A toxin.

General Design Structure

Both of these studies were multicenter, entirely outpatient double blind, placebo controlled,
parallel group studies. Eligible subjects receive a single treatment session with the assigned
study drug. Subjects then return to clinic at specified intervals for evaluations for up to 4
months.

For study 301, 108 subjects were planned for enroliment, divided into 3 parallel groups (36 per
group). For Study 302 80 subjects were planned for enrollment, divided into 2 groups of 40
each.

All investigators were to obtain local IRB approval and obtain written informed consent from
subjects prior to performing any study-related activities.

Eligibility Criteria
jiteria

1) History of CD for at least 1 year, affecting at least 2 of the following muscles:
Leavator sacapulae
Scalenus medius & Scalenus anterior
Semisinalis capitus
Splenius capitus
Sternocleidomastoid
Trapezius
2) CD of at least moderate severity on the TWSTRS scale:
Total >= 20 points - -
Severity >= 10 points
Disability >= 3 points
Pain >= 1 point
3) Known previous history of meaningful clinical response of CD symptoms to BOTOX
4) Male or Female, >= 18 yo I

-

5) Weight >= 46 kg o
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6) Known current status of BOTOX responsiveness
Study 301:  Last injection cycle with BOTOX continued to provide worthwhile
benefit. : i
Study 302:  Now kngwn to be unresponsive to Type-A toxin, as shown by:
(A) (1) Failed to respond to prior 2 treatment sessions with BOTOX, and
One of the two sessions at higher dose than previously efficacious

or
(2)  Failed to respond to last treatment session with BOTOX and
either
(I) subject has a known positive mouse neutralization test for Ab
or
(ii) single muscle injection at higher dose of Type A toxin was

— ineffective
And
(2)  F-TAT demonstrates lack of activity of Type A toxin

F-TAT (frontalis- type A test) consists of injection of two 7.5 U doses of BOTOX into the
R. frontalis muscle, positive test indicated by subjects ability to continue to
wrinkle the forehead on the right at 2 weeks later.

Exclusion Criteria

1) Receipt of BOTOX injection within prior 4 months.
2) Prior receipt of BotTx-B

3) Neck contractures or cervical spine disease causing decreased neck ROM
4) Pure retrocollis or anterocollis
5) Women who are pregnant, breast feeding, not using adequate contraception
6) Irregular use of narcotics, muscle relaxants, or benzodiazepines for treatment of CD
symptoms. Regular use of these medications permitted if planned to be sustained
during study. -
7) Other acute or chronic medical conditions that preclude administration of BotTx-B.
8) History of myotomy or denervation surgery in neck or shoulder region.

9) Tetanus toxoid receipt within prior 4 months.
10)  Use of another investigational device or drug within prior 30 days
11)  History of known neuromuscular disorder, or other significant organ disease

Study Treatments and Concomitant Medications

Study Treatments

Study 301:  Subjects were randomized to 3 groups, placebo, S000U or 10000U.
Study 301:  Subjects were randomized to 2 groups: placebo or 10000U. -

Study drug was supplied as a solution in a 3.5ml vial containing 5000 U of BotTx-B in 1mi of
0.05% human albumin, 0.01M succinate/NaCl buffer at ph 5.5 (0.5mg HSA, 1.6mg NaSuccinate,
5.8mg NaCl per ml). Placebo vials contained Iml of the buffer without any toxin. Vials were to
be stored in a 2-8 °C refrigerator until use (freezing prohibited). Lots used for these two studies -
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were from Batch A19 which had been produced in the — facility. No product produced in
the NPF facility were used.

The vials were patkaged into pztlent vial boxes, each containing two vials. The placebo and
toxin vials were appropriately packaged together to make up placebo 5000U or 10000U total
doses when the contents of the two vials were combined prior to subject injection. The entire 2
ml were to be injected into each subject. Vials and boxes had white labels for Study 301, blue
for Study 302 to avoid confusion at study sites conducting both studies.

Investigators were instructed to use their own judgement to select 2 to 4 muscles for injection,
and to allocate the dose between those muscles as directed by individual judgement. Muscles
eligible for injection were the same as those permitted to qualify the subject for inclusion in the
study. Intramuscular injection of the study agent was performed in the selected muscles, using 1
to 5 sites per muscle, at investigator discretion.

Investigators were selected to be those with prior established experience in treatment patients for
CD with BOTOX in an off-label manner. EMG guidance of the injections was at the discretion
of the investigator.

comitant Medicati

All pre-existing use medications (used at entry), both prescription and over the counter, were
intended to be continued in the same regimen during the study. New medications were to be
avoided if possible. Irregular use of narcotics, muscle relaxants, benzodiazepines were to be
avoided if possible during the study, but if they could not be avoided, were to be prohibited for at
least 24 hours prior to each outcome evaluation during the study.

Blinding

The patient vial boxes and vials were identified by a Patient number on the blinded study labels.
At the time of use, label portions were attached to CRFs to identify the drug administered. An
emergency unblinding disclosure panel (employing scratch-off material to maintain blinding)
was included with the patient vial box and attached to the CRF.

To assist in maintaining the blind, two investigators were used at each site, a Principal and an
Administrative investigator. Principal investigators conducted the screening, the treatment, and
the outcome efficacy evaluations. Administrative investigators conducted all other subject
interactions and evaluations.

Randomization

Patient study boxes sent to each site were sequentially numbered, and sites were instructed to use
the boxes in sequence as subjects were enrolled. The study vial box number then becomes the
Patient Identification Number. Study kits were uniquely numbered, so that only one kit #3
existed within the study, etc. Thus, a contiguous sequence of kits, not starting at # 1,were sent to
each site. Randomization was performed by blocks within study site. —
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Subject Evaluations

Medical history, physical exam, heurological specific history and exams were performed at the
start of study participation and at the end. Vital signs, clinical laboratory assessments, adverse
event monitoring and medication usage recording were performed throughout the study period at
subject visits to the study site. A phone call to the subject 1 week after study injections for
adverse event monitory was also performed. Serum samples for antibody testing were obtained
at baseline, week 4 and the end of study participation. In addition, study assessments at the
scheduled study visits included the following:

Screening Visit (up to 21 days prior to day 0)
Patient Global VAS
Patient Pain VAS
TWSTRS evaluation

Day 0 (Baseline; day of treatment, administered after evaluations)
Patient Global VAS
Patient Pain VAS
TWSTRS assessment
Investigator Global Assessment Notes - taken by PI for reference in completing
Inv.Global Assessment at subsequent visits

Week 2,4, 8,12, 16
Patient Global VAS
Patient Pain VAS
TWSTRS Assessment
Investigator Giobal VAS

Timing of Subject Visits

Due to potential disease variability during the day; the study intended that each patient be
evaluated at the same of day for each of the study visits.

Week 2 and 4 visits were to be within 3 days of the exact scheduled timing; week 8, 12,
16 visits were to be within 1 week of the intended schedule.

escription of Evaluati ol @
TWSTRS:  Toronto Western Spasmodic Torticollis liating Scale )
A composite of a variety of features of the disease and effects on patient life, with 0 as a
no-symptoms score, and 87 the extreme maximum worst possible score.
The composite is broken into three main category subscales: Severity, Disability and
Pain. - — -

-—
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Severity Subscale
5 questions on amplitude of the symptom, each a maximum of 2 - 4 points
1 question on duration of maximal or submaximal symptoms, up to 10 points
4 Additional questions on relief from sensory tricks, amount of shoulder
displacement, amount of active ROM, and lengthi of time subject can
maintain head in neutral position.
Points from each question summed, maximum severity is 35 points.

Disability Subscale
7 questions, each 0 to 4 or 5 points, on employment activity, ADL in general,
driving, reading, television watching, activities outside of home, and
amount of embarrassment limitation
Points from each item summed, maximum is 32 points

Pain Subscale -
Pain Severity rated for best, worst, usual, and then composite of the 3 taken, for
up to 10 pts.
Duration of pain, and Amount of disability that results from just the pain are rated.
Severity, duration and disability contribution summed, for maximum of 20 pts.

The scale maximum of 87 points should not be regarded as a clinically observed score.
Rather the scale is a variety of CD aspects, combined in somewhat arbitrary manners,
which accommodate the fact that different patients have different aspects as their most
prominent and limiting characteristic. The scale is intended to capture the disease status
for all patients, irrespective of which is their most prominent.

Patient Global Assessment of Change VAS

A horizontal line, with only end bars (no central marker), of 100 mm length, left end
labeled "much worse", right end labeled "much better". The printed instructions to
patient are to draw a vertical line to indicate how they felt at the visit compared to prior to
study treatment.

For screening and day 0 visits, in order to accustom the subject to completion of the tool
and to assess the variability in the questionnaire results the VAS was also completed. At
these visits, however, the phrase directing the assessment was compared to 1 week ago.

The score was the number of mm from the left end, so that 0 was the worst score, 100
best. While the central point of the scale was not marked, the implicit interpretation is
that a score of 50 means no difference from prior to study treatment. This evaluation
tool implicitly caries the meaning of change from baseline for all post-treatment scores.

Patient Pain VAS

A horizontal ling of 100 mm length, left end labeled "worst ever pain", right-end "no.
pain", with only end vertical bars. Instructions to subject are to draw a vertiea] line to
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indicate the intensity of the pain from CD over the week preceding the visit. The
instructions do not indicate whether least, worst, or typical pain should be rated. This
evaluation is one of absolute amount of severity over the immediately preceding week.
Interpretaﬂ_on of indivig"ua_l patient scores requires reference ta_the subject’s baseline Pain
VAS score. T

Investigator Global Assessment VAS

A horizontal line with only end bars of 100 mm length, marked on left end "much worse"
and right end "much better", identical to that used for the Patient Global Assessment.
Instructions to investigator are to draw a vertical line to show how investigator believes
the subject is at time of visit compared to prior to study treatment. Instructions to the
Investigator were to include consideration of factors such as daily activities,
psychological status, pain, muscle tone, general functional status.

Endpoints and Planned Analyses

Efficacy Endpoints

Primary: TWSTRS Total score at Week 4
(Pairwise comparison of placebo to 10000 U group, for both studies)

Secondary:  Patient Global Assessment of Change at Week 4
(Pairwise comparison of placebo vs 10000 U group, for both studies)

Tertiary: Investigator Global Assessment at Week 4
TWSTRS-Total score at Week 8, Week 12
Percentage of Responders
Patient Pain VAS scores at Week 4

Additional Endpoints: TWSTRS Total scores at other visits,
TWSTRS Subscale scores at visits
Study-301:  All analyses of the 5000 U group results.

alytic
There was no Interim Efficacy Analysis planned for these studies.

Two datasets were prepared, an Intent to Treat and a Modified Intent to Treat. The ITT dataset
was prospectively declared the primary basis for assessment of study results. The ITT dataset has
a value for all subjects at all visits for all evaluations. -‘Missing data for efficacy variables were
filled by LOCF. 1If a subject has no prior data for a variable at missing visit, a value for that
subject is imputed at the first missing visit by using the mean of all subjects in the study with
values at the visit. This imputed value is then used for subsequent LOCF. An exception is for
responder/non-responder analysis, where if data is missing at week 4, the subject is deemed a
non-responder. o -
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The Modified-ITT dataset includes subjects who received study treatment and had at least one
outcome evaluation post baseline. LOCF was applied only to missing values for the week 4
outcome if the wegk 2 visit wagavailable. Missing values at all other visits were left missing,
and the subject excluded from the analysis for that vanable/tunepomt

Significance was determined by p<0.05 for all tests. Interaction terms were deemed significant
if p<0.10.

The primary endpoint of TWSTRS Total score was analyzed with ANCOVA, with covariates of
Baseline TWSTRS score, Center, and Baseline x Treatment and Center x Treatment interactions.
Interactions will be dropped if their p-value in the model is >0.10. Adjusted means will be
calculated for centers and treatment group.

The secondary endpoints of Global Assessments analyzed with ANOVA (treatment, center and
interaction included), TWSTRS at Week 8 and 12 analyzed with ANCOVA.

Percentage of Responders analyzed with Cochran-Mantel-Haenszel, Patient Pain VAS analyzed
with ANCOVA (treatment, center, and baseline Pain score, with interactions included).

Elan (Athena at that time) had prospectively declared that the responder analysis was based on a
definition of a responder as 20% improvement from baseline in TWSTRS Total score at the
Week 4 visit.

Comment:
This criterion had not obtained concurrence from CBER despite extensive discussions with
Athena prior to unblinding the study. Despite a panel of experienced investigators brought
together by Athena, no adequate basis for selecting or justifying the 20% change from
baseline criterion was presented. Partly in recognition of this disagreement, Athena
designated this analysis as a tertiary endpoint, rather than making it a secondary endpoint.

The primary analysis of the TWSTRS scores was specified in the analytic plan as being
conducted on the absolute TWSTRS score. Change from baseline in TWSTRS was also
specified for analysis, but absolute score is stated as the primary analysis of the outcome.

Comment:
However, an ANCOVA adjusted with baseline TWSTRS included is the primary analytic
method. For the calculation of a test statistic and p-value, this is highly similar to subtraction
of baseline score. Thus, it is mostly change from baseline that is being compared rather than
simply the outcome scores, and the appropriate clinical outcome to examine for assessment
of the amount of benefit is change from baseline.

Planned Sample Size

For Study 301, sample size was based upon a 2-sided F test at 0.05 level of an overall treatment
effect (amongst the 3 groups). A study with 27 subjects per group provides 90% power to detect
a treatment effect of 12 points between at least 2 of the treatment groups, when the standard
deviation is also 12 points. The sample size was arbitrarily increased to 36 per groupto increase
the database size for safety assessments, and the ability to demonstrate a difference between the -
placebo and 5000U group.
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For Study 302, the sample size was based upon a 2-sided F test at 0.05 level, with 23 subjects per
group providing 90% power to detect a treatment effect of 12 points when standard deviation is
12 points. Sample size was arbitrarily increased to 40 subjects per group to provide increased
safety data and toanalyze secqrrclary endpoints.

Protocol Modifications

There were no significant modifications to the study protocols after the start of the study other
than the analytic plan. The analytic plans underwent significant modification during the study
and was not finalized until after the data collection had been entirely completed. The analytic
plan was finalized prior to unblinding the study and commencing analysis.

STUDY PERFORMANCE AND SUBJECT DISPOSITION

Enrollment and Subject Disposition

The two studies were conducted largely concurrently, and substantially at the same sites. These
studies were both conducted from May 1997 to February 1998.

Study 301

A total of 109 subjects were enrolled, and randomized as 36 to placebo, 36 to 5000 U, 37 to
10000 U. There was one error in randomization. At site 5, treatment kit 13 is reported as
leaking as the vials were being prepared for use on the first subject at the site, and was discarded.
Kit 14 was used in it’s place for that subject. Kit 174 was provided to Site 5 and intended for use
on the next enrolled patient (who initially would have been subject #14), but was not. Kit 15 was
used for that next subject erroneously. Kit 174 was subsequently used for the following subject,
who originally would have received Kit 15 at that site. The actual treatment received of these
three subjects was 5000 U - 10000 U - placebo. The prospectively intended treatment
assignments had been placebo - 5000 U - 10000 U. These three subjects were analyzed in the
dataset according the actual treatment received. These subjects are identified in the dataset by
the Kit # as received. No subject #13 exists in the dataset.

There were 4 subjects who discontinued participation in the study early. Two (one placebo, one
5000 U subject) for perceived lack of efficacy, one for a change in workplace (a placebo subject),
and one for a serious AE (10000 U subject). This subject had a MI, which lead to undergoing
CABG procedure and died due to cardiac arrest several days post CABG. These subjects exited
from the study after study visits at weeks 8, 12, 0, 4 respectively (i.e., only one of these subjects
did not have actual visit data for the primary endpomt at week 4). There were 105 subjects who
completed all evaluations in the study.
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Study 302

A total of 77 subjects were enrolled and randomized 38 to placebo, 39 to 10000 U of toxin.
There were no unblinding events; and no errors in randomization. There were 7 patients who
were screened for the study buf in spite of apparent Type-ATesistance therapeutically, failed to
show resistance on the F-TAT.

One subject discontinued the study early, a placebo subject due to adverse event of headache and
neck pain due to CD. This subject had AE onset several days after study treatment, and did not
return for any study follow-up evaluations.

Time in study

Most subjects completed a full 16 weeks participation in both of the studies.

Protocol Deviations

Study 301

There were no major protocol deviations. Errors in treatment assignment were as noted above.
Two subjects signed the wrong consent form version, and one subject had a history of neck
surgery, but this patient was approved for enrollment by Athena after discussion with the
investigator. There were several instances of laboratory values (CBC, chemistries) being
reviewed by the Principal Investigator rather than the Administrative Investigator, and 25
instances of a scheduled evaluation not being performed even though the subject had shown up
for clinic visit (mostly vital signs and some Global Assessments)

Study 302

There were 9 subjects with minor errors of elig